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Finally, hydrogen peroxide can be significantly toxic to microbial
populations at relatively low concentrations. The toxicity of the com-
pound reportedly is species specific and depends on cell density (Lee
et al., 1988; Pardieck et al., 1992). Significant toxicity has been re-
ported for peroxide concentrations as low as 3 mg/1, whereas other
studies have shown addition of 270 mg/1 to exert no adverse effects.
Additionally, acclimation of microorganisms to slowly increasing con-
centrations of peroxide has been reported with successful additions
greater than 2000 mg/1 (Pardieck et al., 1992). Again, laboratory
feasibility studies will be necessary to determine the tolerance range
of the indigenous microbial population.

The toxic effects of hydrogen peroxide on microbes have a side
benefit that can be exploited through careful control of the injection
stream. A relatively high concentration of hydrogen peroxide in the
injection water may be useful for controlling the growth of biofilms
within the immediate vicinity of the injection wells or infiltration
galleries, providing the peroxide concentration decreases sufficiently
with migration through the aquifer to preclude toxic microbial ef-
fects within the biostimulation zone, bubble formation, and precipi-
tation of oxides.

Inorganic Nutrients

Studies of the effects of inorganic nutrient addition on bioremediation
rates have yielded varying results. Experiments using nitrogen and
phosphorous amendments have shown that they enhanced metabolic
activities in some aquifer samples while having no significant effect
in other samples from the same aquifer (Swindoll et al., 1988). Oth-
ers reported that addition of nitrogen and phosphorus enhanced in
situ gasoline degradation (Jamison et al., 1976). A series of micro-
cosm and field studies suggest that enhancement of biodegradation
by addition of inorganic nutrients is extremely case specific (Baker
and Herson, 1990). It has been further suggested that not only are
inorganic nutrients not always effective but in some cases they in-
hibit microbial degradation (Morgan and Watkinson, 1992). Morgan
and Watkinson have also shown that phosphate addition in combina-
tion with hydrogen peroxide may cause precipitation of insoluble
salts during migration through the aquifer, decreasing the perme-
ability within the biostimulation zone.

Hence, the evidence indicates that chemical analysis is not ad-
equate for predicting necessary nutrient amendments. Laboratory or
field studies with aquifer material are needed to determine nutrient
amendments required to promote maximum cell growth and con-